Background Adult health and its determinants are influenced by the environment in childhood.
adult BMI). 8 Educational attainment and adult social class appear to eclipse the effect of parental class on mortality, 9 and educational attainment attenuates the effect of parental class on cardiovascular disease risk factors. 10 Among men cardiovascular disease and stroke mortality have been shown to be similarly related to childhood and adult social circumstances, 11 but smoking-related cancer mortality was considerably more strongly related to adult than childhood circumstances. 12 The school attended is known to affect the health behaviours of pupils while still at school. A recent international review of the literature reported large differences in smoking prevalence between similar schools. 13 School effects have been shown to exist for other health-related behaviours, notably drinking and drug use. 14 Such findings are in line with studies showing the importance of school on educational attainment. 15, 16 In terms of education achievement, there is some evidence that primary school is more influential than secondary school. 17, 18 Little is known, however, about the long-term effects of the school attended on health. A recent 35 year follow-up of a large cohort of children first studied in primary schools in the 1960s has allowed us to investigate such long-term effects of primary school on adult health. Since we expect there to be differences between schools in their intake (in terms of their social composition), this paper investigates the extent to which there are differences in adult health outcomes or behaviours between primary schools, and the extent to which any such differences may be explained by differences in school composition or influenced by adult factors which may themselves be mediated by the primary school attended (e.g. income).
Methods
The Children of the 1950s Study is been described elsewhere. 19 Briefly, it is based on a survey of the total population of all children born in Aberdeen (1950-56) who attended primary school in Aberdeen, Scotland, in December 1962. The aim of the initial survey was to ascertain the population prevalence of 'mental subnormality' (learning disability) in this population of 5-to 12-year olds. 20 A total of 52 primary schools in Aberdeen took part in the original study. The cohort was revived in 1998 and the original 12 150 subjects were traced through the National Health Service Central Registry. Vital status and whereabouts were established for 98.5% and a follow-up questionnaire was mailed to 11 321 surviving participants, starting in May 2001. 21 The main focus of this paper is the influence of school on adult health. Subjects who were in schools for blind, deaf, disabled, and intellectually impaired were not included in this analysis. In this paper we consider three adult health outcomes based on the questionnaire: self-rated health (poor or fair health versus good health), self-reported prevalence of doctor diagnosed high blood pressure, and mental health [measured using 4 items from the 12 item General Heath Questionnaire (GHQ-4)]. 22, 23 The four questions were as follows: In the past few weeks have you been (i) feeling reasonably happy, all things considered; (ii) able to enjoy your normal day to day activities; (iii) losing confidence in yourself; and (iv) feeling unhappy and depressed? GHQ-4 caseness was recorded as yes if any of the responses was adverse, and no otherwise. 22 There were four adult health risk factors:
current and ever smoking, alcohol use (drinking more than 21 units per week), and BMI (based on self-reported height and weight). As well as a continuous measure BMI was categorized in two ways: overweight (BMI . 25) and obese (BMI . 30). The childhood measures used were paternal social class at birth; birthweight; IQ test scores at ages 7, 9, and 11; and age at leaving secondary education. IQ tests were routinely administered to children in schools in Aberdeen. 10, 19 We also adjusted for adult social class and income. Smoking, alcohol use, and BMI were considered both as outcomes in themselves and as adjustment factors for other outcomes. The childhood and adult measures were separated into two groups: school compositional factors and mediating factors. The compositional factors are the individual-level explanatory factors which cannot be influenced by the school the child attended but might confound the association of school with health outcomes. These were sex, paternal social class, maternal height, more than 3 children in the family in 1962, and birthweight. Age at the time of questionnaire was also controlled for in the compositional factor models as it may confound the relationships with the outcome measures. The mediating factors were the individuallevel explanatory factors which might be influenced by primary school-IQ test scores at ages 7, 9, and 11; age at leaving secondary education; adult social class; income; smoking; alcohol use; and BMI. Variance partition coefficients (VPCs) were calculated to summarize the extent to which the adult health outcomes and risk factors varied across schools. (The VPC is equivalent to the intraclass correlation coefficient in variance components models. 24 ) VPCs were also calculated for the compositional and mediating factors. The VPC measures the extent to which values of the dependent variable are similar for respondents attending the same primary school.
It accounts for the clustering within the data by comparing the variance within primary schools with the variance between primary schools. A small value for the VPC implies that the within-school variance is much greater than the between-school variance (i.e. little of the total variability between individuals is due to the school attended). Categorical variables with more than two categories were progressively grouped to allow for the calculation of a VPC. For example, income is categorized into three categories: <£10 000, £10-20 000, and £30 0001. A VPC was calculated for income <£10 000 compared with everyone earning .£10 000; then £10 000 was grouped with £20 000 and a VPC calculated for <£20 000 compared with those earning .£20 000.
Multilevel logistic regression was used to assess the effect of primary school attended on adult health and risk factors for adult health. Each model had three levels: level 1, child; level 2, family; and level 3, school. Family was included as a level to ensure that the school-level variance was not the result of children from the same family attending the same school. The aim was to estimate the school-level variance unadjusted, and then adjust the variance for compositional factors, and then calculate the amount of variance that could be explained by mediating factors. Initial models were fitted for each outcome variable using only the compositional factors and age and sex. Further models were fitted retaining significant compositional factors and adding significant mediating factors. For binary outcomes, we used a second order penalized quasilikelihood approximation. 25 To take into account the context of the school-and to see whether there was a school 'social class' effect independent of the effect of paternal social class-an aggregated variable comprising the proportion of children in each school with fathers in the professional and managerial social classes (social classes I&II) was also considered. The aggregated school variables were calculated using original 12 150 subjects from the 1962 survey. We tried to obtain true contextual data on the schools, such as pupil-teacher ratio, state of school buildings, absenteeism rate, and quality of teachers, but these were not available in systematic or comparable formats across all schools.
Results
Follow-up questionnaires were received from 7095 individuals (63% response rate). The sample size for each of the 42 schools ranged from 4 to 435; 3 schools had ,40 study subjects. There were 7 single sex schools: 3 for boys and 4 for girls. Responses were received from 3387 males and 3708 females with a mean age at follow-up of 47 years. The 7095 individuals were in 6016 families; 352 families had 2 children, 79 had 3 children; and 3 had 4 children. A total of 323 siblings from the same family attended different schools. There was little mobility between schools; 91% of individuals were at the same school from the ages 5 to 12 years. Table 1 shows the school aggregated prevalence, interquartile range, and range for the school compositional factors and test scores. The table shows that there is considerable variation between the schools in terms of percentage of children with fathers in social classes I&II and social classes IV&V, family size .3, and average test scores at age 7 and 9 years. There was some variation between schools in percentage of children with mothers of height ,150 cm, but less variation between schools in percentage of children with birthweight ,2500 g and average test score at age 11 years. Table 2 summarizes the extent to which adult health outcomes and determinants and confounding and mediating factors clustered within schools. There was some variation across schools in the proportion of adults reporting poor self-rated health (VPC 5 0.020), obesity (0.010), current smoking (0.019), and drinking .21 units per week (0.012). (This means that, for example, 2% of the variation in poor self-rated health was accounted for by the primary school level). Higher VPCs were found for child (individual)-level factors potentially confounded with primary schools: paternal social class (0.451 for children whose fathers were not social class I or II, professional, or managerial), family size (0.139), and gender (0.442). The high VPC for paternal social class is indicative of the strong social patterning distinguishing between many schools at the time. Test scores and age at leaving secondary education also varied across schools.
Health outcomes
The school compositional factors that were significantly related to poor self-rated health were lower paternal social class, family size .3 children in 1962, and birthweight ,2500 g. Older adult age was also significantly related to poor self-rated health. When the mediating variables were included in the model none of the compositional variables remained significant. Income, smoking, age at leaving secondary school, and IQ test score at age 7 years were significantly associated with poor health (Table 3 ). The lower the income the more likely the respondent was to have poor self-rated health. Smokers and ex-smokers were more likely to have poor self-rated health. Adjusting for the compositional factors reduced the school level variance by 83% (from 0.06 to 0.01) ( Table 5 ). On inclusion of the mediating variables the variance fell by a further 90%.
Sex, age, maternal height, and birthweight were all associated with self-reported high blood pressure. These remained significant when the mediating variables were included in the model. The mediating variables significantly associated with high blood pressure were health behaviour variables-smoking, drinking .21 units of alcohol per week, and overweight and obesity. Adults who had a low birthweight (2500g) were more likely to have self-reported high blood pressure. Males were more likely to have high blood pressure than females. Current smokers were less likely to have high blood pressure than nonsmokers (a relationship reported elsewhere). 26 The compositional variables explained all of the variation between schools ( Table 5 ).
The compositional factors associated with GHQ-4 caseness were being a woman and being in a family with .3 children in 1962. When the mediating factors were included these were no longer significant. Decreasing income, smoking, alcohol use, and obesity were associated with GHQ-4 caseness. The school level variance was similar for the null model (0.019) and the model including compositional factors (0.020). It decreased to 0.012 when the mediating factors were included.
Health behaviours
Paternal social class and family size were associated with current smoking in adulthood. Children from large families were more likely to be smokers in adulthood compared with those from smaller families. Once mediating variables were included in the model paternal social class was no longer significant. Instead adult socioeconomic measures were significant; age on leaving secondary education, adult social class, and income were associated with smoking. People with a lower BMI were more likely to smoke (Table 4) . When only significant compositional variables were included in the model they explained all of the school level variance (Table 5 ). Including the mediating variables, the school-level variance remained zero. The results for the variables that were associated with ever smoking were similar to those for current smoking apart from IQ test score at age 7 years being significantly related to ever smoking. The variance between schools decreased to 0.016 when adjusted for compositional and mediating factors (Table 5) .
Alcohol consumption of .21 units per week was associated with sex and maternal height ,150 cm. These remained significant when mediating factors were included. Income, current and former smoking, BMI, and IQ age 9 years were all associated with alcohol use, and these factors explained all of the variation between schools.
Paternal social class and family size were significantly associated with obesity. These variables explained all of the variation between schools (Table 5 ). Paternal social class remained significant when the mediating variables were included in the model. Age at leaving secondary school and smoking were associated with obesity; smokers and ex-smokers were less likely to be obese than non-smokers. Those leaving secondary school at age <16 years were more likely to be obese than those who were of age >17 years. There was a weak association with adult social class, and those with a lower IQ test score at age 9 years were more likely to be obese. There was still no variance between schools following the addition of the mediating variables.
The contextual effect of school social class on self-rated health was examined. Significant relationships were found with selfrated health, current smoking, ever smoking, and obesity. Adults who in childhood attended a school comprising a higher proportion of children with fathers from social classes I&II were less likely to report poor self-rated health, less likely to be current or ever smokers, and less likely to be obese. The relationship with smoking and obesity disappeared when fully adjusted for the mediating factors. For self-rated health a weak effect remained (P 5 0.061); for a 10% increase in proportion of children with fathers from social classes I&II at a school the odds ratio of reporting poor self-rated health in adults was 0.94 (95% confidence interval: 0.88-1.003). a Odds ratios are presented for a 5 unit increase in IQ score.
Discussion
The VPCs for the individual-level factors that could not be affected by the school the child attended but may confound the school-level effects-sex, paternal social class at birth, maternal height, family size, and birthweight-are quite high. The VPCs for the health outcomes and determinants are low; the highest was for self-rated health. However, only 2% of the variation in self-rated health is due to the primary school attended. This is surprising given the pattern of clustering in schools of factors which are associated with poor health and its determinantspaternal social class, adult social class, educational attainment, and income. The highest unadjusted VPC is for paternal social class, but paternal social class is no longer significantly associated with poor self-rated health following adjustment for adult income and smoking status. An advantage of the design of this study is that father's social class was recorded when the participant was in primary school so is not subject to recall bias.
The findings of such small effects of primary school on adult health contradict the current research on the relationship between schools and contemporary health behaviours, 13, 14 and suggest to us three possibilities. First, it may be that the effect of school diminishes over time; 35 years after the event the differing social influences throughout life have balanced out to leave no residual effect of the primary school. Second, it could be that the primary school is the wrong unit of analysis; health behaviours may be learnt-and health generated or destroyed-in other social contexts such as secondary school, neighbourhood, or other social network. Third, it may be that children or schools in Aberdeen from 35 years ago differ from those of today such that had research been conducted into children's health behaviours at the time there may not have been school effects-which would suggest that it is not possible to extrapolate this research to give insights into the future health of today's schoolchildren. An alternative explanation that mobility of students between schools may have caused an underestimation of the betweenschool variance is unlikely as the mobility between schools in the study was low (9%).
The response rate to the adult questionnaire was 63%. Although this is fairly high for a postal questionnaire some nonresponse bias exists. It has been shown that adults whose fathers' social class was higher and those with a higher IQ were more likely to respond. 21 This means that adults with lower paternal social class and lower IQ are under-represented in the study. Since both paternal social class and IQ are patterned by primary school it is possible that our findings of only small or non-existent school effects would be affected if the relationship between these childhood factors and adult health or health determinants were different among the non-respondents.
The models were fitted using family as an intermediate level. This nested structure assumes that all children from the same family attend the same school. About 5% of children from the same family attended different schools, implying that a crossclassified model may be more appropriate. 27 The simpler, strictly hierarchical model that we adopted treats such children as though they were from different families. This may result in a slight underestimate of the variance between schools if the variance between families is over-estimated, but given the low level of cross-classification and the small variances involved it is unlikely that this would have a material impact on any of the results. The children were in different classes in each school and this could have been used as a level. Unfortunately school class was not adequately recorded and so was not used. If class had been used the variance of interest would be the variance between classes plus the variance between schools. The consequence of ignoring the between-class variance is to potentially underestimate the variance between schools since some of the variance between classes would be estimated as being due to differences between families. The relationship between childhood and adult factors, adult health behaviours, and health outcomes varied depending on the outcome considered. Although differences in self-rated health and GHQ-4 caseness were related to childhood factors, these relationships were mediated by adult income and health behaviours. Self-reported high blood pressure on the other hand was independently related to maternal height and birthweight after adjusting for elevated rates associated with alcohol use and high BMI and decreased odds among current smokers.
Current and ever smoking and adult obesity were related to many of the childhood social indicators in addition to the adult factors and health behaviours. Simultaneous adjustment showed that independent effects remained relating to educational attainment and adult social class (also with income for smoking) after adjustment for the other health behaviours. However, the effect of family size remained significant for smoking and of paternal social class for obesity. Weekly alcohol use in excess of 21 units was associated with maternal height, adult income, and other health behaviours and all these relationships remained significant when adjusted simultaneously. The mixed message is then that whilst childhood factors appear to be related to adult health outcomes, they are mediated by the effects of adult social factors and health behaviours. There is more evidence that the adult health behaviours are related to childhood social circumstances in addition to adult circumstances.
Even in the unadjusted model the effects of primary school on adult health were small. This was unanticipated given the extent to which characteristics known to be associated with adult health-paternal social class, age at leaving secondary education, and income-were clustered within schools. The inclusion of the childhood factors indicating school composition explained much of the variation between schools, and any remaining variation all but disappeared once the mediating adult factors were taken into account. Although estate agents and parents place emphasis on the quality of primary school as a reason for moving house, this paper implies there are only minor differences across primary schools in adult self-reported health; it may be that the neighbourhood and parental environments are the important contexts. 
